Characterization of microbial communities in the skin in healthy individuals and diseased patients holds valuable information for understanding pathogenesis of skin diseases and as a source for developing novel therapies. Notably, resources regarding skin microbiome are limited in developing countries where skin disorders from infectious diseases are extremely common. A simple method for sample collection and processing for skin microbiome studies in such countries is crucial. The aim of this study is to confirm the feasibility of collecting skin microbiota from individuals in Yaoundé, a capital city of Cameroon, and subsequent extraction of bacterial DNA in a resource limited setting. Skin swabs from several individuals in Yaoundé were successfully obtained, and sufficient amount of bacterial 16S ribosomal RNA-coding DNA was collected, which was confirmed by quantitative PCR. The median copy number of 16S ribosomal RNA gene varied across participants and collection sites, with significantly more copies in samples collected from the forehead compared to the left and right forearm, or back. This study demonstrated that collecting surface skin microbes using our swabbing method is feasible in a developing country. We further showed that even with limited resources, we could collect sufficient amount of skin microbiota from the inhabitants in Yaoundé where no studies of skin microbiome were reported, which can be passed to further metagenomic analysis such as next generation sequencing.
Introduction
The skin is one of the largest organ of human beings. In addition to its role in physical protection and temperature regulation, it serves as a unique and dynamic ecosystem that is inhabited by over 10 10 microorganisms (i.e., skin microbiota) (1) . In a homeostatic environment, the skin microbiota are harmless and play a protective and/or regulatory role by controlling the innate and adaptive immune systems found in our skin (2) . However, when the environment on the skin is altered, the composition of skin microbiota can also be disrupted: a phenomenon known as dysbiosis. Studying the type of dysbiosis, for example, whether the alteration occurs at the species or strain level, provides important information for understanding skin pathology, developing a diagnostic tool and an appropriate treatment (3) .
A number of studies on the association between dysbiosis and skin disorders such as atopic dermatitis (4) , psoriasis (5) , seborrheic dermatitis (6) and acne vulgaris (7) have been published. However, how dysbiosis of the skin microbiome relates to tropical diseases that affect skin integrity is understudied. For example, there are only a few studies to date that report dysbiosis in the skin of patients with leprosy (8, 9) or leishmaniasis (10) . Whether other skin-affecting tropical diseases or neglected infectious diseases (e.g., tuberculosis, filariasis, schistosomiasis), as well as the infection of human immunodeficiency virus (HIV) and acquired immunodeficiency syndrome (AIDS) that may alter the skin immune system, could interact with the dysbiosis of the skin microbiota remains unclear.
The major limitation for studying the skin microbiome is the complexity of sample collection, such as consistency in collection methods and contamination risks (11) , handling and storage of samples. Processing of microbial DNA is also a challenge (12, 13) , due to the relatively low abundance of skin microbiome compared to the gut. Along with these complexities, many developing countries in Africa also face issues with limited resources and inadequate research facilities to carry out such studies (14) . Thus, it is desirable to establish a simple protocol for collecting skin samples that is feasible to carry out in a basic laboratory in a resource-limited country without compromising the quantity and quality of the microbial DNA collected. The development of such a protocol will lead to ensuring the consistency of techniques employed in the field and guarantee of the quality of data acquired.
To achieve this objective, this study attempted to evaluate the feasibility of collecting and processing skin samples at a hospital and university research laboratory in Yaoundé, Cameroon with basic equipment. A noninvasive sample collection method was employed by utilizing flocked swabs (15) to confirm the presence of enough amount of bacterial DNA coding for 16S ribosomal RNA (rRNA).
Materials and Methods

Ethical consideration
This study was approved by the National Ethics Committee of Cameroon, (Ethical Clearance 2018/06/ N°1045/CE/CNERSH/SP) and an authorization was obtained from the hospital administration before participants were recruited. Participation in the study was voluntary and written informed consent was obtained from each participant prior to enrollment. Oral consent and signature from a guardian were provided for those who were physically unable to provide written consent. The study was performed in strict respect of the guidelines for human clinical research and all data were decoded for anonymity.
Collection site and sample population
This study was part of a larger cross-sectional study that took place from June to October 2018 at the HIV clinic of the Efoulan District Hospital in Yaoundé, Cameroon. The Efoulan District Hospital was chosen due to an existing collaboration with the hospital and university research center. In the original study, out-patients, inpatients and hospital staff were enrolled for sampling. HIV-uninfected, healthy subjects were defined by the absence of any known skin pathology and a negative HIV rapid diagnostic test (RDT) result; HIV-infected subjects were defined by a positive HIV RDT result. Pregnant women and those who had apparent skin disorders that are not associated with HIV or AIDS, such as atopic dermatitis and psoriasis, were excluded.
Sample collection
Skin swabs were collected using the Puritan HydraFlock Sterile Flocked Swabs (25-3306-H, Puritan Medical Products Company, ME, USA). Prior to swabbing, 1.5-mL microcentrifuge tubes were filled with 100 µL of sterile 0.9% sodium chloride solution (S5815; Teknova, CA, USA) with 0.1% Tween 20 (28353-14; Nacalai Tesque, Inc., Kyoto, Japan). First the swab head was soaked in the solution in the tube (16, 17) . Swabbing was then performed in a 5 × 5 cm-square on designated sites ( Figure S1 , http://www.ddtjournal.com/action/ getSupplementalData.php?ID=51). The patients with Kaposi's sarcoma were additionally swabbed at lesion sites. After swabbing, each swab head was placed into the original tubes ( Figure S2 , http://www.ddtjournal. com/action/getSupplementalData.php?ID=51). Samples were stored in a cooler box and transferred to the laboratory for DNA extraction.
DNA extraction from skin swab samples
DNA was extracted from samples using the Kaneka Easy DNA Extraction Kit version 2 (KN-T110005; Kaneka Corp., Tokyo, Japan), which contains DNA extraction Solutions A and B, according to the manufacturer's instructions ( Figure S2 , http:// www.ddtjournal.com/action/getSupplementalData. php?ID=51). Briefly, 200 µL of Solution A was added into each microcentrifuge tube containing the swab head and was mixed by vortexing. Next, sample tubes were placed in a water bath and incubated for 9 min at with 25th percentile -1.5 × interquartile range (IQR) to 75th percentile + 1.5 × IQR whisker in the box plot. The box plot with dots was created using the R statistical software (version 3.6.0). The differences in the copy number of the 16S rRNA gene among groups were compared by using the Kruskal-Wallis test followed by the Steel-Dwass post hoc multiple comparison test using R. A p-value < 0.05 was considered statistically significant.
Results and Discussion
In Yaoundé, Cameroon, we successfully obtained skin swab samples of head, left and right arms and back from 26 HIV-negative healthy individuals (males: 7, females: 19; age 21-51, median 27) and 25 HIV-positive patients (males: 5, females: 20; age 22-61, median 39). Of all the HIV-positive patients, two patients presented with Kaposi's sarcoma, and swabs from the sarcoma lesions were also obtained from those patients.
There are multiple skin microbiome sampling methods, including swabs, biopsies, surface scrapes, cup scrubs and tape strips (18, 19) . Each method varies in biomass yield, human DNA contribution, sampling depth and discomfort level. Since patients with skin disorder are commonly sensitive to skin stimulation, it is difficult to tolerate even minimal pain that accompanies invasive methods. To overcome this problem, using pre-moistened skin swabs was our method of choice. As a result, no skin-related troubles were reported when collecting skin samples, even in patients who were immunosuppressed with later stages of AIDS.
Next, we attempted to confirm if the extracted DNA can be used for subsequent bacterial DNA analysis (e.g., next generation sequencing [NGS]) by qualitative PCR for the bacterial 16S rRNA gene. Although crudely extracted DNA samples processed just after the DNA extraction still contain debris of skin cells, sebum, and dirt, we found that nine out of 18 representative samples were successfully amplified by PCR ( Figure S3 , http:// www.ddtjournal.com/action/getSupplementalData. php?ID=51). Lack of amplicons is likely due to the presence of skin cells, sebum or other debris, which could interfere with the PCR amplification process of extracted DNA. Contamination of these objects can be explained by the lack of washing steps for the kit used in this study; which is otherwise beneficial by reducing the burden of sample processing.
To minimize any interference from heavy contamination of human cell debris and/or sebum, all crude DNA samples were cleaned with a gDNA cleaning kit. After cleaning of crude DNA samples, the targeted area of 16S rRNA gene was successfully amplified for all samples tested without any nonspecific products, regardless of swabbing area (Figures 1 and S3 , http://www.ddtjournal.com/action/ 98 °C. The samples were cooled to room temperature, and 28 µL of Solution B was added to each tube. After mixing briefly by vortexing, samples were stored at -20°C until further analysis.
Qualitative PCR amplification of 16S rRNA gene
To confirm whether bacterial DNA was successfully obtained, qualitative PCR amplification of the 16S rRNA gene was performed using SapphireAmp Fast PCR Master Mix (RR350A, Takara Bio Inc., Shiga, Japan) and primers (forward: 341F, 5′-CCTACGGGNGGCWGCAG-3′; reverse: 806Rmod, 5′-GACTACHVGGGTATCTAAKCC-3′; targeting 460-bp V3-V4 region of the 16S rRNA gene). One microliter of the template DNA was used in the 10 µL reaction mixture. The PCR protocol was set as: 94°C for 1 min; 33 cycles of 98°C for 10 sec, 55°C for 10 sec, and 72°C for 15 sec; and 72°C for 1 min. The PCR products were then electrophoresed by using i-MyRun II (IMR2-001, CosmoBio Co., Ltd., Tokyo, Japan) with 2% Agarose S (312-01193, FUJIFILM Wako Pure Chemical Corp., Osaka, Japan) gel, stained by 0.5 μg/mL ethidium bromide (315-90051, FUJIFILM Wako Pure Chemical Corp.), and visualized using LuminoGraph I (WES-6100, ATTO Corp., Tokyo, Japan). The presence of a band at the expected size (~460 bp) for each sample was determined positive.
DNA clean up
To exclude the possibility of PCR inhibition, DNA samples were cleaned using a NucleoSpin gDNA Clean-up kit (740230, Macherey-Nagel GmbH & Co. KG, Düren, Germany) according to the manufacturer's instructions. The samples were stored at -20°C until further analysis.
Quantitative PCR
Quantitative real-time PCR (qPCR) was performed as described elsewhere (18) . In brief, the DNA samples were amplified with 16S universal primer p a i r s ( F : 5 ′ -A C T G A G AYA C G G Y C C A -3 ′ ; R : 5′-CTGCTGGCACGDAGTTAGCC-3′) and a 16S universal probe (5′-VIC-ACTGCTGCCTCCCGTA-NFQ-MGB-3′) by using the Thunderbird Probe qPCR Mix (Toyobo Co., Ltd., Osaka, Japan). A standard curve was drawn from a known amount of the 16S rRNA gene. All the reactions were performed with the LightCycler 480 System (F. Hoffmann-La Roche, Ltd., Basel, Switzerland).
Statistical data analysis
Data are shown as the 25th, 50th, 75th percentile boxes getSupplementalData.php?ID=51). Bands for two samples, 10D and 40B, were extremely faint but present as confirmed by qPCR. For samples 19C and 40B, the signals diminished after cleaning, probably due to technical error.
We next quantified the copy number of bacterial 16S rRNA gene in each sample. Copy numbers of 16S rRNA gene slightly differed depending on the individual and body parts of collection; samples collected from the forehead and the lesion of Kaposi's sarcoma showed significantly higher copy numbers of the 16S rRNA gene ( Figure 2 and Table 1 ). Except for a few samples (2 samples showed < 100 copies/μL), we confirmed that the amounts of the 16S rRNA gene were sufficient enough for further analysis. The median copy number of bacterial 16S rRNA gene varied across participants and collection sites, with significantly more copies in samples collected from the forehead compared to the right forearm (p = 0.003), left forearm (p < 0.001) or back (p < 0.001) ( Figure 2 and Table 1 ). This variation could be explained by the frequency of exposure to the external environment (especially for the forehead) or physiological differences across sampled skin types: such as moisture or oiliness, that could harbor groups or quantity of distinct microbes (20) .
The skin microbiota can provide colonization resistance, hindering pathogenic microbes from colonizing the skin, by competing for space or metabolites and by creating a hostile environment (1, 20, 21) . Dysbiosis in the skin could disrupt colonization resistance and introduce a niche for pathogenic microbes to thrive. Whether the dysbiosis in skin microbiota leads to worsened skin disorders or vice versa is unknown; and a longitudinal study would be necessary to provide an answer. A simple method for sample collection and processing is crucial to conduct longitudinal studies in resource-limited countries; and our study showed that sufficient quantity and quality of bacterial 16S rRNA gene for downstream applications can be collected using a non-invasive swab method.
We conclude that skin sampling with pre-moistened cotton is the valid method for collecting skin surface bacterial samples both in healthy people and those with skin disorders in resource-limiting situation such as in developing countries.
